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DE SCR I FT I or I 



PC'LYCAF.BONATE F.ESIN f :OiMPOS I T ION 



TECHNICAL FIELD 

The present invention relate^- to a polycarbonate resin 
composition, m-: re precisely, to a polycarbonate resin 
compos it ic-n nc-t c-j-n taining halc^yen and phosphorus but. 
C'Oritaining a minor additive to exhibit gc.-cd flame retardancy 
and have good impact resistance, high stiffness, good melt 
flowability and goo<i chemical resistance. 

BACKGROUNE' ART 

As havinc;: the advantages cf imp>acT: resistance, he^i.. 
resistance and gt od electric properties, p-olycarbonate resins 
have many applications in various fields of, for example, OA 
(c-ffice automat i.)n) ap>pliances, information and communicat i <: u 
appliances, ether electric and electronic appliances for 
industrial use -aiid household use, automobile parts and building 
materials. As a rule, polycarbonate resins are self- 
ext inguishabl e . However, some fields of typically OA 
appliances, information and communication appliances, and 
other electric ind electronic app>liances for industrial use and 
household use lequire high flame retardancy, for which are used 
various flame r^^tardants to improve: their flame retardan*.": y . 



For imit' ving the flame ret.-irdancy of pC'lycarbona 
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resins, haic-^en-cc nt. ainmg flame r e t ardan t such as Lisp'henol 
A halides and hal-r^qeria ted polycarbonate oligcmers have h-een 
used along with a flame retardation pr:>inoter such as antimony 
oxide, as their f laiae-retarding abil.voy is good. H-Dwever, with 
the recent tendency tc-ward safety living with pc lyca rk^c rate 
resin produt":ts and toward en v i r oiiment al p-rotectjcn frc-m 
discar«ded and incinerated wastes of the products, the market 
requires flame I'etardation of p)<:/l ycarbonate resrns with 
nc-n-hale-gen flame retardants. (^iven that situation, 

P"! lycarr-ojiate resin ce-mp'osi t i ons with phosphc-rus-cc-n taining 
erganic flame retardants, especially organic phisphate 
cc-mptc-unds tl:at are ncai-halogen flair.e rc^tardants Kiave been 
P'rcp'Csed, arid their flame r ot a t o-.ancy is good. Such 
P"hc sphor us-c^ r'ntainmg organic f i ame retardants serve also as 
a p'las t i ■:• i ze r , and various metticds ':;f using Lheni for making 
P'C'lycarhMDna te resins resistant t-j flames have been p^r ^p-c-sed . 

Hov/evKir, in order to make pn^lyc^irbonate resins have good 
flame ret.aroancy hy adding thoret-: an r:rqanic phc-sp-hate 
ccmpcund, a relatively large am-runt of the ccmpc-und niust be 
a-iided to the resins. In general, poi y rar bonate resins require 
relatively lugh mcd.ding temp-er ato i r es , and their melt visci-sity 
is high. Tiierefore, for molding r.hem into thin-walle(i and 
large-sized ncldings, the m-:ldir..i temperature will have to be 
more higiiO.r . For these reasons, ■.■i ganic ph-DSphate •::omp-:unds 
c^ften caus^-^ some pr(:>blems when idtied to such polyca r l:;^-:'nate 



resins, thouqh their f ] ame-ret ar ding at'ility is gc-od. For 
example f organic phosp-hate c-jmp Diiiids -jften cc-rrode molds used 
for mo'lding r€?sins containirig t:henL, and generate gas to have 
s I'lTie unfavorable influences on the vz-i-rking environments and 
even on the appearance of the n-j-ldings . Another problem with 
■I'rganic phc^sp-hate compounds is that, when the mc'ldings 
ci-ntaining them are left under heat or in high-temperature and 
hi(jh-humidi ty conditions, zhe cc-nipcunds l^-wer the impact 
strength of the moldings and yellow the moldings. In addition, 
P'-ilycarbc^na te resin compositions cc»ritaining c-rganic phosphate 
C'l mp'Ounds are not stable under heat, and therefore do not meet 
the rec:ent requirement for recycling resin products. This is 
still ariC'ther prc>blem wirr. organic p-hc-sphate compounds. 

On the other hand, for mci«;:hine pares which will be often 
stained with oil or cc^p-yin-.^ in): havin<j scatter^'d therearound 
arid to>r products that wi 1 .\ be c-:-ated with grease or the like, 
resin materials are further required to have goc'd chemical 
resistance in addition to flame retardancy. 

To meet the market requirements, purop-c-sed is anc'ther 
technique of adding sili.::one compc unds to pc-lyca rbonar.e resins 
t-:- make the resins have flame letardancy. Iri this, siliccjne 
c-i-mpc-unds a<ided to the resitis d-: not give toxic gas when fired. 
For example, (1) Japanes*^- F'atent Laid-Open No. 139964/1998 
disci C'Ses a flame retardaiit;, triat c:>mp>ris6>s a silicone resin 
having a specific structure ar.'i a specific molecular weight. 



(2) Japanese Patent Laid-Cpen IIos. 4M 60/197(5, 
318 0 69/1989, 3 ( • (3 2 6 5- / 1 9 9 4 , 12868/199 6 , 29579 6 / 1 9 6 , a nd 
Japanese Fatenr EubliratiDn ITo . 48947/1991 discloee 
sil i cc-ne - iron t a in i ng , f 1 ai.i63- r e t a r dant pol year bona t e resin 
compositions. The flame retardancy level of the products in 
(1) is high in s-:-me degree, bu-: the iiripact resistance thereof 
is often low. The techn-.. l-:)gy of (2) differs from that of (i) 
in that the silic-ines used in (2) do not act as a flame retardant 
by themselves, but are for imiproving the dripping resistance 
of resins, and s-ime examples of silicones for that purpose are 
mentioned. Anyh-Mv, m (2), the resins indispensably require 
an additional flamt retardant of, for exampde, organic 
P'hosphate compoup.ds <:-r metal salts c-f Group 2 of the Peric-dic 
Table . Another {I'roblem wj th t.he f lame- retardant pol ycark^onare 
resin compositi<:-ns i ri (2) is that the flame retardant added 
thereto worsens the moldat. ility and even the physical 
p>roperties of the resin cc-mposit ions and their moldings. 

Also knowi^i is a f 1 ame- re tardant polycarbonate resin 
composition that comr-rises a polycarbo-nate resin, a 
pc'lycarbonate-p'!' 1 yor .:ran. jsi loxane copol ymer-cont aining resin 
and a fibril-forming polytetraf luoroethylene (Japanese Patent 
Laid-open No. 81620/1996) . Even though its pc-lyorganos i loxane 
content is low, falling within a defined range, the ccmposition 
exhibits good flame retardancy. Though its flame retardancy 
is gC'Od, however, the c:-omf.'Osit i ■:)n is pr:>blematic in that its 




iiapact resistance inrrinsic to polycarbonate resins is often 

For impro\'ing the chemical resistance of polycarb-jna te 
resins, it is generally known to add a the r inopl as t ic polyester 
to the resins. For example, Japanese Patent Laid-Open IJo . 
1 b 1 2 65/1999 d i s • : 1 :) s e s a pol y c a r bon ate resin compc- s i 1 1 -T^n 
prepared by adding a polyester resin, an alkali metal or 
alkaline earth iiK^tal perf luoroalkanesulf onate, a fluororesin 
and a silicone, to a polycarbonate resin. However, since its 
high-temperature thermal stability in dwell time in an extruder 
or the like is c-lten p*: or, the resin composition is difficult 
to recycle. 

The present invention has been made in the current 
situation as abc-^e, an'ii its object is to provide a non-halogen 
and non-phosph.: rus, f 1 ame-ret ardant pcd.ycarbonate resin 
cc-mposition of wliich the flame retardancy is go<:»d and which has 
good impact resistance, high stiffness, good melt flowability 
and good chemical resistance. 

DISCLOSURE OF THF INVi-ZNTlON 

I, the pr*^sent inventor have assiduously studied, and, 
as a result, have found that, when a thermoplastic polyester, 
a polyf luoro-.:^lef in resin, and a polycarbona te- 
-) 1 y o r ga no s i I o x a n e cop'0 1 yme r and / ?■ r a specific s i 1 i ccai e 
C'Dmpcund are added to a polycarbonace resin, then the 
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above-mentioned object of the invention can te effectively 
attained. On the basis of this fin<djng, vie have c-jmpletec the 
present invention . 

Specif i«:ally, the invention is sunimarize<d as f-jllows: 
1. A J.:'.. ] /carbonate resin composition which comprises 
a resin mixture of (A) from 1 t-:- 99 - by weight of a p^ -1 ycarb<onate 
ana (E^) from 1 to 99 % by weight of a thermoplastic polyester, 
and contains, r^^lative to 100 paits by weight cf the resin 
mixture, (C) from 0.01 to 3 parts by weight of a 
polyf lu.:.ro-olef m resin, and (D) from 1 to 400 parts by weight 
of a pciycarbonate-polyorganosi Icxane copolymer and/or (E) 
from 0.] to : 0 rarts by weight of a functional silicone c-i-mpcund, 
and of v;hicli the silicone content derived from the c^rmponent 

(D) and/or the -cmiionent (E) falls between 0.5 and 10 - by w-ight 
of the -:':ompos J t ic-n. 

J. Thiz polycarbonate resin composition of alcove 1, 
which further contains (F) from 1 to 50 parts by weight of an 
inorganic filler. 

3. The t^'O-l ycarbonate resin composition of ab<)ve 1 or 
2, wherein the functional silicone compound for the component 

(E) has a basic structure of a g-E^neral formula (1) : 

F/.RcSiO ..... r 

wher^Ein R indicates a functional group, R' indicates a 
hydrocaibcn residue having from .1 to 12 carbon atoms, and 
a and b are numbers satisfying t>:e relations of 0 ■ a s 3, 



0 < Y. < 3, and 0 < a ^- b < 3 . 

4. Thf: polycarrbcnate resin ccmpr'Sition of any of ahove 
1 to 3, vvheiein the fuiioMc-nal group in the functional silic-one 
compound for the oompon^nt (Ei is selected from an alkoxy group, 
a vinyl grou^-, a hydro-jeii residue and an epoxy group. 

5. The. polycarb-:)nate resin ocinp: si t ion o£ any C'f above 
1 to 4, wnerein the f unct. i c-na 1 group in tne functional silicone 
compound for the compci.ent (E) is a methoxy gr-oup or a vinyl 
group . 

6. The polycari: onate resori r-omposition c> f any of above 
1 tc 5, ivherem the pol vf iuoro-olef in resin for the component 
(C) is a f ibr i 1-fcrmina p.;.lytecraf 1 uoroethylene having a mean 
mole<:ular weight of at. ieast 500, OOG. 

'7. The polycari; onate resin comp -jsi t ic n 'jf any of above 

1 -o 6, wherein the pc-l ycarloonare for the component (A) has a 
viscosa ty-average molecular weight of from IS, 000 to 20,000. 

The polycarbonate resin composition of any of above 

2 to 7, wherein the inorganic filler for the component (F) is 
talc having a mean particle size of from 0.2 to 20 ^m. 

<?. Housings or parts of electric and electr<:)nic 
appliances, which com})rise the polycarbonate resin composition 
of any of above 1 to 8 . 



BPIEF 1^ES(:R1PTI0N of the DPi\WIIIG 

Fiq. 1 IS a perspective r^jew of a tool for holding a test 




piece thereon for evaluating the grease resi::^tance of the 
polycart-.-Miate resin composition of the invention. 

BEST MOI'ES OF CARRYING O'JT THE INVENTION 

The invention is described in detail hereinunder, 
(A) P«jlycarr.)onate : 

The fijlycarboriate (PC) for the component (A) in the 
polycari-.onate resm com.Fositic-n of the invention is not 
specifically defined, and may be any and every one known in the 
art. Generally used herein are aromatic polycarbonates to be 
produced thr-i-ugh reaction <: f diphenols and carbonate precursors . 
For example, herein used are polycarbonates produced by 
reacting a oiphenol and a carbonate precursor in a scluticn 
method cr in a melt meth c-d, such as those produced thr<:.ugh 
reaction of a dirheiicd. and phosgene or through 
mteresterif icaticii cr a diphenol and a diphenyl carbonate. 

Vari'.vas diphenols are usable, typically including 
2, 2-bis (4-hydroxyphenyl ) propane [bisphenol A] , bis(4- 
hydroxyphenyl imethane:, 1, 1-bis ( 4-hydroxyphenyl ) ethane , 2,2- 
bis (4 -hydroxy- 3, 5-diniethylphenyl ) propane , 4,4'- 
dihydroxydiplienyl, bis ( 4 -hydroxyphenyl ) eye 1 oal kanes , bis (4- 
hydr^xyphenyl ) oxide, bis ( 4-hydroxyphenyI ) sulfide, bis (4- 
hydroxyphenyl ) sulfone, bis (4-hydroxyphenyl) sulfoxide, 
bis (4-hydrc.xyphenyl) ether, and bis { 4-hydroxyphenyl ) ketone. 

For the dii.'hen-::' 1 s for use herein, especially preferred 



are bis (hydrcxyphenyl ) alkanes , more preferably, those 
consisting css^^Ltially of bisphenoL A. Other examples of 
diphenols usable herein are hydr oqui none , rescrcinol and 
catechol. The diphenols mention-d herein may be used either 
singly or as combined. 

The carlH;nate precursors for use in thc^ invent ion :Lnclude, 
for example, cart;onyl halides, carbonyl esters, and 
haloformates, concretely, phosgene, dihalof ormat es of 
d:phencl, ..liphenyl carbonate, dim.ethyl carbonate, and diethyl 
carbonate . 

The polycarbonate resin for the component (A) may have 
a branched structure, for which the branching agent includes, 
for example, ] , 1, I-tris ( 4-hydj:oxypheny] ) ethane, a, a' ,a"- 
tris (J-hyroxyptienyl) -1, 3, 5.)-tr iisopropylbenzene, 
phloroolucine, trim.ellxtic acid, and i satm-bis (o-cresol ) . 
For controlling the molecular weight of the polycarbonate resin, 
for example, en>ployable are phenol, p-t-butylphenol , p-t- 
octylphenol, and p-cumylphenol . 

The {-.olycarbonate resin for use in the invention may be 
a copolymer such «s a polyester-polycarbonate resin to be 
produced through polymerisation of pc:lycarbonate in the 
presence of an ester precursor, sucti as a di functional 
carboxylic acid (e.g., terephthalic acid) or its ester- forming 
derivative. Various types of different polycarbonate resins 
may be mixed tc give mixed pol ycarbon.at. e resins for use in the 



j 11 veil'., i-on . 

The viscosity-average molecular weight. of the 
poiyca-bonate resin to be used in the invention geneLally falls 
between 10,000 and 50,000, tut preferably between 13,000 and 
35,0011, more preferably between 15,000 and 20,000. The 
vise :'S i tv of the resin in a m<^thylene chloride sciiut. icn at 20°C 
is measured with an Ubbelohde's visccmeter, and the intrinsic 
visco.-ity [T|] thereof is derived from it. The viscosity- 
average molecular weight (Mv) of the resin is calculated 
according to the following equation: 

[^■^] = 1.23 >: 10"' Mv ■. 
(B) Thermoplastic polyester: 

Various types <: f rhei mop 1 astic polyesters are usable for 
the component (B) in the invention. Fc r the component (B) , 
especially preferred, are p.:)lyester res.ms rbtained through 
polycondensation of a di f un :t 1 onal carboxylic acid component 
ar:c an alkylene glycol component. For the di functional 
carboxylic acid component and the alkylene glycol component, 
mentioned are the fcdlowing. 

For the ditunctional carboxylic acid component, 
monti:>ned are aromatic dicarbo:<ylic acids including, for 
exarr.fle, terephthalic acid, isophthalic acid and 
naphtha lenedicarboxylic acid. Of those, preferred is 
terep'hi lialic acid. Not iriterfering with the effect of the 
invent p^n, the comp.onent inay contain any other di functional 




carboxylic acids, which are, for example, .n.iiphatic carboxylic 
acids such as oxalic aci i, nialonic acid, adipic a-.:id, suberic 
acid, azelaic acid, sebacic acid and decanedicarh-:)xyl i c acid. 
In general, the pr opor t ic-n cf the additional dicarboxyl^c acids 
is preferably at irioet 20 mcl^ •: f the total amount of the 
dicarbc xylic acid .iic-mpone-nt . 

The alkylene gly<:ol component is not specifically 
define-:!. Fc r it, ccncretely, usat-le are al iphatic diols having 
from 2 to 10 carbcMi atoms, such as ethylene glycol, 
propylene-1, 2-glycv)l, propylene-1, 3-glycol, buty lene- 1 , 4 - 
glycol, }juty:iene-:., 2-qlycol, hexane-1, 6-diol, octane-1, 8- 
diol, neopentyl g l ycol and de..:-ane-l , 1 0-diol . Of those, 
preferred are etlrylene glycol and butylene glycols. 

The thermo}:';: a- r ic pi-lyester for the ce-mpcnent (E) may 
be produced in any ordinary methcd of polycondensat ion in the 
presence or absence of a pcd ycondensa t i on catalyst that 
contains any of titanium, germanium and antimony. Fc-r example, 
polyethyJene terepht l^alate is generally produced by 
esteri tying terephthalic acid with ethylene glycol or 
transesterif ying a lowei alkyl eszer such as dimethyl 
terephthalatt with etliylene glycol to prepare a glycol 
terephthalate ami/ or its oligomer in the first st,age reaction 
followed by further polymerizino the glyccU ester an<l/or its 
oligomer int<j a po:iymer having an increased degree of 
polymerization in the second stage reaction. 

1 ] 



The pc^lycart-imare resm cioniposition ct the invention 
comprises a p^-.lycarbcna te for the comF>onent (A) and a 
thermoplastic p::-lyester f':r the ;mr:onent (E.i, in wh::.ch the 
corr±-ination of. the tvvo ccmp:nents improves the melt flowability 
and rhn chemi .;al resistance of the resin comp :>si - ion . The blend 
ratio of th- c-:-mponent (A) to the component \B) in the resin 
mixture is ^ uch that the f c.l ycarbona te (A) accounts for from 
1 Lc- 99 - \:\- weight, prefLjrably from bO t-: 90 / by weight ^-f 
the mixture, and the thermoplastic polyester (B) accounts for 
fj-om 1 to 99 V by weight, preferably frc-m 10 to 50 % by weigrit 
thereof . 

(C) Fc ly flu- :rc - c let m r esm: 

The I -ol vcarbL^na te resin c-jmpcjsi t: ion of the invention 
contains a i :;.l \^ f luc ro-olef in resin which is for preventing t ne 
resm mold:: ngs from being melted to drip vjhen fired. The 
p.:lyf Juorc--:-: e: in resm is generally a i:r.lymer or copolymer 
having a finer oethylene structure. For example, it includes 
d i f 1 uo r oe t h y 1 ei le po 1 yiTLe is, t e t r a f Luo r oe thy 1 ene pc- 1 yme r s , 
tetraf luor>:-ethylene-hexal Luoropr opy iene copolymers, and 
Cv..polymers of te t raf luor-o^.f thylene and fluorine-free ethyienic 
m=: nomers. Preferred for r.se herein is polytetraf luoroethy 1 ene 
(I-'TFE), and its mean molecular weigtt is preferably at least 
500,000, m.re preferably from 500, 0(^0 t-: 10,000, 000. Any and 
er.^ery type •: f pc ;iy tet r af ] u-roethylene kn-own in the art is usable 
in the invention. 
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Especially preferred for use herein is 
polytetrafluor methylene having th-: ability to form fibrils, as 
it. is more effective for preventing the resinraelt from dripping . 
The fibril-forming polytetraf lucToeuhylene (PTFE) usable 
herein is not sp^eci f xcall y defined. For example, PTFE of Type 
:•■ that is grouped according to the ASTM Stanoard is used herein. 
Comnercial products cf such PTFE are avc^ilable, including, for 
example. Teflon 6-J (from Mitsui-DuPont Fl uorochemical ) , 
Polyflon D-1, PoLyflon F-103 and Polyflon F-201 (all fromDaikin 
Industry), andCD076 (fromAsahi IC Fl uoropol ymers ) . 

Excep't PTFE of Type 3 as at'Cve, others are also usable 
lierein, including, for example, Argoflon5 ( f rom Montef luos ) , 
Folvf Ion I-^PA, Polyflon FA-100 (both from Dai km Indusrry) , etc. 
One or more of these polytetraf luoroethylenes (PTFE) can be used 
either singly or as combined. Tl:e fibril-forming 

pclytetraf luoroethylene (ETFE) such as those mentioned above 
can be obtained, for example, by polymerizing 
tetraf luoroethylene in an aqueous medium in the presence of 
sodium, p.:.tassium or ammonium peroxydisulf ide therein, under 
a pressure of from 1 to 100 psi at a temperature falling between 
0 and 2 00'C, preferably between 20 and 100°':.. 

The content of the component (C) in the resin composition 
falls between 0.01 and :•■ parts by weight, preferably between 
0.05 and 1 p^art by weight or between 0.05 and 2 parts by weight, 
relative to 100 parts by w.-, ght of the resm mixture of the 
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components (A) and (B) therein. If it is to:> small, the dripping 
resistance C'f the resin composition will be not enough for the 
intended flame retardancy ot the composition. However, even 
if its ccntent is larger than the <::efined range, the 
p.: lyf luor-.'-olef in resin adolec could no ir.ore augment its effect, 
and such a large amount of the po 1 yf luoro-o lef i n resin, if added 
to the resm composition, will have some negative influences 
on the imf.:act resistar.ce and the outward appearance of the 
moldings of the composition. Therefore, the amount of the 
polyf luoro-olef in resin to he added to the resin composition 
m.ay be suitably de::ermined, depending on the necessary flame 
retardancy ■: f t.he c-mpc sit ion, f c r example, based on V-0, V-1 
or V~2 iri UL-94, and depeiiciing -i-n the amount of the orher 
C'jnsti tuerit comp-nnents . 

The polycarl-onate I'eein composition of the iirjention 
contains the component (D) and/or the comp<:.nent (E) m ad<iition 
to the a^:-- ve-ment:i':-ned compcments (A) to (C) . 
( I' ) Po 1 y c a r bon a t: e - F' : 1 y c- r gan^ s r 1 o >: a ne cc:)po 1 yme r : 

The pol ycarbonare-p<jly-:'rganosa loxane copolymer 
(hereinafter referred to as PC-p^--lyorgan.:-sil oxane copolymer) 
for the (:<?mpcnent vD in the invention is a pclynier comprising 
a polycarbonate moiety an<l a pol yorganosiloxane moiety. The 
EC-polyorgancsiloxane coFoJ-ymer may he produced, for example, 
through inter faci al pol ycondensat ion of a polycarbonate 
oligomer and a reactive grouf^-- 1 erminat e<i polyorganosiloxane 



(e.g. , polydimethylsiloxane, -,.1 ycii ethylenes i loxane , 

p.raymethyi phenyl si loxane, ?:ol ydiphenyls.i loxanei which are 
clissolvei m a solvent suoh as methylene chl^Tide v^■ith an 
aqueous solution of bisphenol A in soaiuni hydroxide added 
thereto, in the prtsence of a catalyst such as tr iethyianine . 

Preferably, the deoree of polymerization of the 
polycartx-nate moiety of the PC-polyorcianosi loxane cofDolymer 
falls ketweeri ;•■ and 100 or so. Also preferably, the degree ■:. f 
polymeri:-.ation of the polyorganosiloxane moiety of the 
copolymer f al Is between 2 and 500 or so . The pcdyorganos i I'-xane 
c.:.ntent :f the PC-polyorganosiloxane c.:'polymor generally falls 
v.etween i).5 and 30 • by weight, but pieferanly between 1 and 
b-vweicht. 1 :.e viscosity-averagt m'.; le^rular weight :t the 
PC-p<: ly: rganosi ioxane copolymer for th< component (D) 
generally falls between 5,000 and 100,000, but preferably 
between 10, 000 and 30, 000. This may be measured i the same 
manner as that for the polycarbonate mentioned above. 

Tlie resin composition contains from 1 to 400 parts by 
weight, p.referably from 5 to 530 parts by weight of the component 
(EO, relative to 100 parts by weight oi: the resin mixture of 
the components (A) and (B) therein. If the amount of the 
compc'nent (D) in the resin composition n.-'t containing the 
component (E) is too small, the resin composition is not 
satisfactorily resistant to flames; but evei'; if too large, the 
copolymer added (^ould no more a\:gment 3ts effect. 
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In The polycar b^niat^:: resin composit ^ •Mj comrjrising the 
c-omponents (A', (Bi, {C) and (D), the c-^ntent r^f th*.r ccmpsonent 
(L^) preferably falle i'^etween 1 and 40i' parts l^y w^-ight, mc're 
pref-Etrably between 5 ai^d 350 parts k^y weight. Aj.s:) :i n the resin 
L:orap':'S i t i-: n c-i'iuprisinq the coiriponont s (A), (B), i'l) , (D) and 
(E) , the C(,)ntent of the compc>r.ent (D) preferably fails between 
1 anci 400 piarts by weight, nvzre pi'e f er akdy between 5 and 31-0 
parts ioy weight. 

( E ) Func t i ijnal si 1 icone cciT\p':>und : 

The functional silicon^? comp-ound for the component (E) 
in the invention is a tuncticnal (poly) or ganosi loxane . 
Pref eralDl y, it .is a polyrr.ei: c-r cop-")! ymti'r liav.iijg a basic 

st ru'/tu r e of. the follov/inc a»;:ne.ra] formula (1): 

R l< SiO . . ( 1 ) 

wherei:. F indicates a f uni:- 1 ic-nal ^irrouf:-^ F" indicates a 
hydrc carl:'<:^n residue havuiq f r':-m. 1 to 12 carbon atoms, and 0 < 
a 5 0 < b < 3, and 0 < a b < 3. 

The* functional grr)up for P.: includes, for example, an 
alkoxy gr':>up, an aryloxy cfrrup-, a polyoxyaJ.kylene group, a 
hydrcgen residue, a hydro^xy] group, a carboxyl grou}: , a silanol 
grc-u]: , an amino group), a mercap'tC' grc-up, cin epoxy group, and 
a viriyl group. Of those, preferred are an alkC'Xy group, a 
hydrcgen group-, a vinyl gr cajp , and an epoxy group-; and more 
p)ref(:r.red are a meth'")xy qicup! ano a vinyl groups. Preferred 
examp:les of the hy-irc'Cai: b' 'ii residue having from 1 t 12 carbon 




atoms for R are a methyl group and a phenyl qrcup. Preferred 
ranges of a, h and (a + b) are as follows: 0,2 < a < 2.5, 0 
< h < 2.5, ani 0.2 < a + b < 2. 

The silicone cc-mp-ound fc-r the component (E) rriay have a 
plurality :f iifferent functional qroup»s; or a plurality cf 
silicone compr-unds riaving difierent functional groups may be 
combined fc-r t:he compcnent [E] . 

In the basic struc:ture of the functional silicone 
compound, the ratio of functional group (P' ) /hydrocarbon 
residue (P^) generally falls between 0.1 and 3 or so, but 
preferably between 0.3 and 2 or sc. 

The functional silicone comp-r-und for the comp^onent (E) 
is liquid or powdery, bait is preferably well dispersible in the 
other const. itiieiit components while they are kneaded in melt. 
One p'ref erred €?xample of the compound is liquid and has a 
viscosity at rocm temperature of from 10 to 500,000 est or so. 
The polycarbonate resin composition containing the component 
(E) of the irivention is characterized in that the component 
unifc-rmly disperses tlierein even when it is liquid, and bleeds 
little out of the ccmposition being melded and out of the 
moldings of the compc si t :i on . 

The resin comp-osition may contain from 0.1 to 10 parts 
by weight, preferal-ly from 0.2 to 5 parts by weight or from 2 
to 5 parts b-y weight of the functional silicone compound, 
relative to l':)n parts by weight of the resirj mixture of the 
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cc>mponents (A) and (E) therein. If the content of the compound 
therein is snallei' than 0.1 parts by weight, the resin 
composition, if not containing the -orif.'Onent ID) , c-^uld net be 
resistant t-:> flames; but even if larger than ]0 parts by weight, 
the compC'Und could no more augment its effect. 

In tne p el ycarb-onate resin comF:osition compirising the 
C-: r.ipenents {A;, (E), (C) and (E) , the content of the component 
(r/) preferably falls between 0.2 and b p>arts by weight, more 
preferably k etween 0.5 and 5 parts by weight. Also in the 
cc^mpC'Sition comprising the components (A), (B) , (C) , (D) and 
(Fl), the content of the component (E) preferably falls between 
0.2 and r- parts by weight:, more preferal-ly between 0..: and b 
p-arts by v^eiglit. 

The polycarbonat.e resin composition of the invention is 
preferably so controlled that the silic<:>ne content derived from 
the components (D) and/or the component (E) there-jf falls 
between 0.5 and 10 by weight, more preferably between 0.7 and 
5 ^ by weight of the composition. If the silicone cont:ent is 
smaller than O.b by weight, the resin compos i tic- r. will te 
poorly resistant to fldimes; k>ut if larger than 10 ^ l^y weight, 
tlie impact resistance and the heat resistance of the comp>osition 
will lower. The silicone content derived from the comp'i-nent 
{!:■) and/or the component (E) c-:-rresponds to the 
P'llyorqan.i.-s J loxane content I'f the compjnent (D) and/ or the 
c-:;mpo^nent (E^ . 

1^^ 




(F) Iiicraanic filler: 



The resin composition comprising the c 



comp'Onents (A) to 



(C), and (D) and/or (E) attains the object of the invention. 
If desired, it may further contain an inorganic filler (F) which 
is for enhancing -.he stiffness and the flame retardancy of its 
m-id dings . 

The inorcjanic filler includes, ior example, talc, mica, 
kaolin, d i atc-macecus earth, ca Icium carbonate , calcium sul fate, 
barium sulfate, glass fibers, carbon fibers, and potassium 
titanate fibers. EspeciaJly preferred for use herein are 
tabular tillers of, for example, talc and mica, and fibrous 
fillers. Talc is a magnesium silicate hydrate, and its 
commercial products are pief^-rably use<i nerein. The inorganic 
rat)ular filler such as talc for use herein pi eferably has a mean 
particle size of from 0.1 t-/ bO |.im, mere preferably from 0.2 
to 20 ^im. The inorganic filler, especially talc, if in the resin 
composition, is effective fc-r further enhancing the stiffness 
of the mc-ldings of the cc-mp<:)sit ion, and, as the case may be, 
in will h:e able to reduce the amount of the silicone compound 
to k'e in the comp'Ositic^n . 

The content of the inorganic filler (F) in the resin 
composition may fall between 1 and 50 parts by weight, 
p-referably between 2 and 30. parts by weight, relative to 100 
f.arts bv weight <if the resin mo. xtures o-f the compc^nents (A) and 
(E) tnerein. If its amount is too small, the inorganic filler 



added could not satisfactorily exhibit its effect of enhancing 
the stiffness and the flame retardancy of the moldings ;'f the 
composition; but if too large, the impact resistance -f the 
mcidings will lower and the melt fluidity of the composition 
will lower. The amount of the inorganic filler to be in the 
resin compositir.n may be suitably determined, depending on the 
necessary properties of the moldings and the moldability Dt the 
composition, espe.:ially on the thickness of the moldings and 
the flowability of the composition. 

In addition to the ab.-we-ment ioned components, an 
elastomer may be added to the polycarbonate resm composition 
of the invention for further enhancing the impact resistance 
of the mc Ldings of the comp(.:s i t i.;:n . Prefei red for that pirpose 
is a ccre/shell-type elastomer. Preferably, the amount of the 
elastomer to be added falls between 0.5 ano 10 parrs by weight 
relative to 100 r^'-^rts by weight of the resin mixture of the 
components (A) and (B) in the resin composition. 

The polycarbonate resin composition of the invention may 
contain, in addition to the above-mentioned components, any 
additives that are generally added to ordinary thermoplastic 
resins, if desired. The additives include, for example, 
phenolic, phosphorus-containing or sulfur-containing 
antioxidants, antistatic agents, permanent antistatic agents 
such as prdyamide-polyether block copolymers, 

benzotriasole-type or benz.: phenone-type UV absorbents. 




hindered .:::n-ine- type light stabi i i zers ( v/eather-pr lk.. f ing 
agents) , p j asticizers, microbi c; i des , compatibilizers , and 
colorants idves, pigments). P^or their amount, the optir:)nal 
additives that may be in the polycarbonate resin compcsit ion 
of the inveir.icn are not specifically defined, provided that 
they dc nor interfere with the pr: perties of the comp-jsit ion. 

A me^hr.d for producirig the polycarbonate resin 
composition c f the invention is de:-:^cr i bed. The composition may 
be produced ky mixing, melting and kneading the components (A) 
to (E) in the predetermined rati-:- as above, optionally along 
with the optional component such as (F) and additives as above 
in any desi red ratic . Fc-rmulating and kiLeading the constiituent 
con-ipcnent.- into tli^i intended resiii comp<..sit i on may be ef fec:ed 
in any kn:)wn manner, for example, by pre-mixing them m an 
ordinary device, such as a ribbon blender or a drum tumbier, 
fcllc^wed hy further kneading the resulting pre-mix m a Henschel 
mixer, a Eant-ury mixer , a s ingle-screw extruder , a double-screw 
extruder, a mult: -screw extruder, or a cokneader. The 
temperature at wh.ch the components are mixed and kneaded 
generally falls between 240 and 300'^:. For molding the n.elt 
ndxture, pref o^rabl y used is an ext r us i^jn molding machine, more 
preferably ci vented extruder. C'ther constituent components 
than the p..:)i ycarbonate resin may l:-e previc-usly mixed to prepare 
a master batcli, and it may be added to the polycarbonate resin. 

Havina been prepared by mixing and kneading the 




c -^Ks 1 1 tuent c:^Tnpcnents .in the manner noted above, th-E: 
p • • J ] y a r b 3 n a t e r €■ s i n c o v i p o i. t i o n c f the i. n v e ri t i. C' n ma y b e 
l-elletiz^-d, and the result ing pellets may b^e mol<:ied into various 
rti-j 1 ii ngs through inject ion molding, injection con.pressiO'n 
m-jlding, extrusion m:ld:ing, blow molding, presrdng, vacuum 
f:'r:iiing ■: r fcamiiiig. TYie composi t icn is esp'ecialiy favorable 
t 0' .L n i e c: ^; i o n nic • 1 d i ng o- r 1 n 1 e c 1 1 c- n c mp r e s s i on hk > I ding to give 
niO'liings- Fo-r in j ect ion mcJ din<;4 cf the cc-mpC'Sit ion, preferred 
is gas-.^? ss i sted mol ding methr-d so as to improve? the ap|:>earance 
cf t,h6 mcldirigs formed, esp)ecialj-y r.':- prevent sinking marks in 
the iTioldings and to reduce the weight C'f the moldings. 

The p':-lycarbonate resji: co-mp-osi t j on of th-:^ inventio-n 
saiisfies the standard ot VL94/V~0 il.5 mi:ii or ' Tj.'.-^4 / Y- 1 (1.5 
lur. : , an-:: its m:-l(iings are t a\''"^r abl*^^ to- various ticMis i ngs and 
parts o:'f electric and el^fctrcTiic app 1 i an-ves , such as 
du}j 1 j ca^'jrs, facsimiles, tel e\^isi(^ns, radios, tape r et^orders, 
video decks, personal <-'".omput ers , printers, telephones, 
inf'jrniatii <:'n terminals, r e f r i ger a t c^rs , and microwave ovens. 
The mcl':iings have still c..u,}ier appl locations , for example, for 
aut'")mobi le parts. 

The invention is described mere con:.Tetely with 
ref e] enct; to- the following F.xamples and Cc-mparative Examples, 
whi'.'h, however, are net i n.t ended to restrict the sc-:;pe of the 
inven. t ion . 

Exa-'V .l^^s 1 to 5, and Coiiit r a t .i ve Examples 1 to^ 4: 




The components sYiCvin in Table 1 v/ere hlended m the ratio 
indicated therein (all cn terms -i-f pairs by weight), fed into 
a vented double-screw extruder (TEM3!:; from Tc-shiba PCikai), 
melted and kneaded tlierein at 28()'^C, and then pell-tized. To 
all compositions of Examples and Comparative Examples, added 
were 0.2 parts by weight ot Irganox 107b (from (:iba Specialty 
Chemicals, octadecyl 3- (3, 5-t-butyl-4- 

hydroxyphenyDprcpic-nate) and 0.1 parts by weight or Adekastab 
C (from Asahi Denka Industry, diphenyl ( 2-e thylhexyl) 
phosphite) both serving as an antioxidant. The resulting 
pellets were dried at 120°C for 12 hours, and then molded into 
test pieces in a mode of injection mol(iing at 270°':. The mol-i 
temperature was -o^c. These test pieces were test-'d f-i-r their 
properties in va: ;.ous test methods, and their data rotained are 
given in Table '\ . 

The molding materials used and the test methods employed 

are ment:ioned be low. 

(A) Polycarbonat : 

PC-1: bisphencl A polycarbonate resm, Toughlon A1900 (from 

Idemitsu Petr o rheraical ) , having an MI of 20 g/10 min (at 300"'C 
under a Ic^ad cf 1.2 kg), and a viscosity-average molecular 
weight of 19, (mkj . 

(B) ThermC'P'last Lc polyester: 

PET: polyethy.iene rerepbithalate, hianite MA523 (from 
Mitsubishi R-ay( n) . 




PBT : pclybutyleiie ter ephthal ate , T-uqiipet NIOOO (from 
Mitsubishi Rayon) . 
(C 1 P-: lyf 1 u jr'!'-':: 1 ei in resin: 
PTFE: CDO'n (iron Asahi Fl u Drop :oi ymer s , having a mean 
molecular weight, c^f 3,000,000). 
(D) P'jI ycarbc-nat e-):-:.lyGrganosil'jxane copr.lymer : 
PC-PC'MS : r 1 spnen.i-l A polycarbonat:e-|:)ol ydimethylsiloxane 
(PDMS) cop-:-] ym.er, having an Ml of 45 g/10 min (at ::-OC''C under 
a load of 1 . :. kg) , a PDMS chain length (n) of 30, a PE-MS content 
c-f 4 \ by weight, and a viscosity-average molecular weight 
of 20,000 (produced in Producti-jn Example 3-1 (A- ) in Japanese 
Patent La .1 .J-C-pen IJo . 81260/1996). 
(E ) Fun-rr :io]jal sil i-ione compound : 
Silic()ne-1 : methylphenyls i licone with vinyl and metlioxy 
groups, KF\:.19 (from Shin-etsu Chemical Industry), having a 
visc.::si::y of 18 est (at 23''C) . This corresponds to formula 
(1) in which P.VP-' =^0.67, a = 1 and b - 1.5. 
Sil i.cone-2 : m.ethoxy group-having dimethyls ilicone, KC-89 
(from Shin-etsu Chemical Industry) , having a visc'isity of 20 
est (af 23^C) . This corresponds to formula (1) in which I'' /Br 

1 . 0, a = 1 and b 1 . 
Silicone-2 (for comparison): dimethyl s i licone, SH2(.)U (from 
Toray bow L'orning) , having a viscosity of 350 est (at 23''C) . 
(F) Inoroanic filler: 
Talc: FFR (from Asada Milling), having a mean particJe size 



o f 0 . / |J.ni . 
( G ) O t h e r c omp c- n e n t : 

Eiast:m-er: core/shel 1 -type, grafted rubber -like eJastomer, 

Metat len S2001 (frcm Mitsubishi Rayon). 
[Test Metho-is] 

(1) Me.l r f J Dwability: 

MI (K.eit index) of eaoh samp)le is measured at SOO^'C under 
a load rf 1.2 kg, according to JIS K7210. 

(2) IZuE) impact strength: 

Measured according to ASTM D256 . The temperature is 23''C, 
and th^- thickness of samples is 1/8 inches. The data are in 
terms f kJ/m* . 
(}) Flexural modulus: 

Measured according to ASTM D-790. Tne temperature is 
23"C, aiiO the thickness of samples is 4 mm. The data are in 
terms ot Mt'a • 
{4) Grease resistance: 

Measured accordina t..:. a chemical resistance test method 
(for measuring the critical, deflection of a tesi sample on a 
quarter oval tool). 

Concretely, a test sample (having a thickness of 3 mm) 
is fixed on a quarter oval tool as in Fig. 1 (showing a 
perspective view of the tool ) , Albanian grease (from Showa Shell 
Petroleum) is applied thereto, and this is kept as such for 48 
hours. The siiortest lenat 'n (X) of the tool on winch the sample 




h^iS been cracked is read, and the crit.it:c:i defiectic^n (- ) of 

t,ne sample is obtairied according tc tlie follow: ng equation. 
Critical Del ] e -t i ■ ::n ( : = b/2a- - [1 - n/a" - b /aM X ] " " " , 
in which t indicates the thickness c.t the test sample. 

(5) Flame retaraaricy: 

Tested ac<""ct<iing to the UL94 '-rombus t ion test. Samples 

tested have a thickness of 1.5 mm. 

(o) Thermal stability in dwell time (3LH)''C, 20 min) : 

The resin pellets are injection-molded into square 
P'lates in the same? manner as above. in this process, the 
cylinder temperatuie in the: in j ecti-jn-mol ding machine (Toshik-a 
Kikai's lOOEN) is -:er)t flat (that is, t,he temperature in the 
cylinder is kep-t cc^nsiant) . The sq\:a re p^i a t6^s thus molded have 
an outl ine si ze of mm - E C) mni and a triickness cf j .2 mm. Under 
the defined molding c-jndi t:ion, the p>ellets are mol<jed for 10 
shcts- After t.he rn^^cessai y measurement, the resin melt is left 
in the cylinder for 20 minutes. Next, the resin pellets are 
injection-molded in the second run in the same manner as 
previously, and the first-sh'Ot samples are visually evaluated 
for their appearan-::e . 

In Table I, "good" means that no visual difference in 
cc'lor was found bet:.ween the first-sl:ot samples in the second 
run and ordinary shot samp-les, and that the first-shc-t samples 
in the second run liad no silver marks. "Silver" means that 
streaks (silver marks' were f^Drmed in. the surface of the 




first-she t s^xnipi*: s in the second i\Ui, owina tc the gas generated 
during the seconc::-run molding. 



Table 1-1 





Example 1 


Comp . Ex . 1 


Comp, . 2 


Blend Ratio 


(A) 


PC -1 


85 


8 5 


J 0 0 


B ) 


PET 


15 


15 




PET 










PTFE 


0. 5 


0. 5 


0 . 5 


( D ) 


PC-PDMS 




- 




(E) 


S i 1 i cone- 1 


4 




4 


Si licc'ne-2 








Siliccine-3 








(F) 


Talc 










El as t corner 










Total Silicone Content 
( t . ) 


4 . 0 


0 


4 . 0 


Evaluation 


(1' Melt. Flcwability: MI 

(g/in mm) 


3 5 


33 




( .? - T Z CT) I mj: a c t S t r tEtn g t h 
( eJ/ra ) 


4 5 


3 b 


J 


(3' Flexjral Modul u- (MPa) 


2 300 


2 3 0 iJ 


2 4 0 0 


{ A } G r ease Re s i s t a n (^e 
( r i t J ca I de 1 1 1- c t i oi\ ) 


1 . 6< 


1 . 6< 




( 5 j Fi ame Ret. a i <.iancy ( i . 5 
miu ) 


V" 0 


V-2 out 




{^} Thermal Stability in 
dwell time (appearance) 


good 


good 


good 




Table 1-^ 





Ccrnp. Em. 3 


Ccmp. E:-: . 4 


Example 2 


Fiend Ratio 


' A ) 


PC-1 


85 




85 


■ E} 


PET 


15 


15 


1 5 


PBT 


- 








PTFE 




(") . 5 


0 . 7 


( Z) ) 


PC-PDMS 






3 3 


IE) 


Silicone- 1 


4 




2 . 7 


Silicone - 2 








Silicone- 3 


- 


4 


- 


( F) 


Talc 








i G ) 


Elastomer 


- 


- 






Total Silicone Content 

(wt . - ) 


4 . 0 


4 . 0 


3 . U 


Eva 1 ua t J on 


( 1 Melt Flowability: Ml 
(q/10 min) 


o o 




3 t 


(2; TZOD Imp^art Strenqth 
( J /m^' ) 


4 5 


4 0 


5 5 


(3) Flexural Modulus (MPa) 


2300 


2 3 00 


2 3 0 0 


(4) Grease F:esistance 
(critical deflection) 


1 . 6< 


1 . 6< 


1 .2 


(5) Flame Retardancy (1.5 
rnm ) 


V--0 


V-2 out 


V- 0 


<6) Thermal Stability iri 
dwell time (appearance) 


good 


gccd 


•good 




Table i-3 





E:-: . 3 


Ex . 4 


Ex . 5 


C'ornp . 
Ex . 5 


B J eiici Ra tic 


(A; 


PC-1 




bU 


6 0 




( B) 


PET 


4 0 


4 0 




15 


PPT 






4 0 




(C) 


PTFE 


2 . 0 


1 . 2 


0 . 6 


C. 5 


( I) ) 


pl;-pdms 


3 0 ij 


3 0 0 


100 




(E) 


Silicone- 1 








C- . 3 


S i li cone-2 






1 




Si liccne- 3 










(F) 


Tele 


- 


4 0 


20 




(G) 


El as tomei 






J U 




P >:> t a s s i iim 

P e 1 1 I u o r c k u t a n e u 1 f ■:' n a t e 












T,-, ^ a T ^ i 1 i -r^r\^ Co"*i ^r;f- ( . • ') 


'~< fi 






fi - 
u . .: 


Eva lua t ion 


(1.) Melt Flcwability: MI 
(a/ 10 min) 


2 8 


26 


3 8 


4 C 


(2) TZl~)D Imp-act Strength 

{ kJ/m ) 


60 


15 


4 0 


15 


(5) Flexural Modulus (MPa) 


2 4 C 0 


3700 


3400 


2 5 00 


(4) (Urease F:esi stance 
( c r i t. i o a I de- f 1 e c t i <:»n ) 


1 . C 


1 . 4 


1 . 6< 


1. K< 


( 5 ) E' 1 a me Re t ci r d a n c y (1-5 mni ) 


V- 1 


V-0 


V-0 


V- 2 


( 6 ) T hi e r Ilia 1 .? t a \ : i 2 i r y i n 
dwell time ( app ea i ance ) 


g Z'Cd 


g (.:) c d 


good 


S 1 1 ve r 



Table 1 ir.dicat.^'S the f -i;! lowing . 

(i) The fJame retai -iancy of Cc^mparat i ve Example 1 cc-ntaining 
neither the componeiit (D) nor the component (E) is poor. 

(ii) The m€?lt f I'l-waL'i .1 i ty and the grease resistance of 
Cc-mpararive Example 2 nc^t cr-^ntaining the compc-nent (B) are poor'. 

(iii) The flame letardancy of Comptarative Example 3 nc>t 
cc'ntaining the c<:;mp rineiit (C) .is pcor. 

(iv) The flame retardancy of C<:'mparat i ve Example 4 C'^ntaining 
an ordinary sili-rone C(~^mp;ound is pooi'. 

(v) The impact strength <2'f Comparative Example 5 ci-ntaining 
potassium per f I uorobut --inesul f C'nat e is low, and the thermal 
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stab-i .1 i ty ir. dvvei 1 time thereof is poc^r . 

INDUSTRIAL APPLICABILITY 

The pc 1 yea rb: nate resin cC'mposition of the invention 
contains neither halogen nor f-hos.phoi us , and is highly 
resistant to flames iihough containing a m.inor additive, and it 
has goc-d impact resistance, high stiffness, gc-od melt 
flowability and go-i-d chemical resistance. Theref-i-re, the 
moldings of the r c-lycarbonate resin composition of the 
invent ic'n are favorah'le for h-3usings and parts of OA appl lances, 
infc>rmation app'l lances, an<i other electric and electronic 
ap-pl lances for hcusehC'ld use and Industrial use, and also for 
automobile p^arts, etc. 



